A freshwater life cycle of Hysterothylacium aduncum was demonstrated experimentally for the first time. Third-stage larvae of H. aduncum from naturally infected Japanese smelt, Hypomesus transpacificus nipponensis, developed to the adult stage in experimentally infected rainbow trout, Salmo gairdneri, in fresh water. Larvae in eggs developed to the second stage and hatched even in fresh water. Although hatched larvae died quickly in fresh water , unhatched second-stage larvae remained alive there within the egg for more than 10 days and developed to the third stage in the mysid, Neomysis intermedia. The worms recovered from experimental infections were described using light and scanning electron microscopy; the characteristic features of the different stags of H. aduncum are discussed
Hysterothylacium aduncum is a well-known parasite, the life cycle of which involves fish as intermediate, paratenic and definitive hosts. The nematode is though to complete the life cycle only in marine or brackish waters, those found in fresh water having been brough there by anad romous fish, such as salmonids, infected in the sea. Recently, adults or larvae were found in fresh water fish and even in freshwater invertebrates in Hokkaido, Japan (MORAVEC at al., 1985; MORAVEC and NAGASAWA, 1986; YOSHINAGA et al., 1987) , suggesting that H. aduncum can com plete its life cycle even in fresh waters. A mysid, Neomysis intermedia, and an amphipod, Aniso gammarus kigi, act as intermediate hosts, small fish (e.g. Japanese smelt, Hypomesus transpacificus nipponensis) serve as paratenic hosts and predatory fish (e.g. salmonid fish like rainbow trout, Salmo gairdneri) serve as definitive hosts. The study re ported here has been designed to prove,. experi mentally, the freshwater life cycle of H. aduncum. Experimental transmissions to a definitive -fish host and to an intermediate invertebrate host. were carried out in fresh water, and the . develop ment and hatching of eggs and the survival of hatched larvae in fresh water and in sea water were compared. In addition, the developmental stages of the worms recovered from the experi Preparation and observation of specimens Worms were fixed in hot glycerin alcohol (5 parts glycerin: 95 parts 70% alcohol) and ob served in glycerin using a light microscope. For scanning electron microscopy (SEM), worms were fixed in 2.5 % buffeted glutaraldehyde and post fixed in 1.0% buffeted osmium tetroxide. The materials were dehydrated in alcohol, critical point dried, sputter-coated with gold and examin ed by a Joel JSM-T2oo SEM. Some worms fixed in hot glycerin alcohol for light microscopical observations were also used for SEM.
Infection of rainbow trout
H. aduncum developed from third stage to adult in rainbow trout (Table 1) . Worms successfully infected 20 of 26 trout ; most occurred in the pyloric caeca and pyloric constriction. Third and fourth stage larvae were usually recovered 3-12 days after the infection, but one fourth-stage larva was found on the 34th day. Adults were first recover ed 11 days after the infection; gravid females were recovered 59 days after the infection.
Embryonic development and hatching
Eggs from gravid females contained one or two cells. Tadpole -stage larvae ( Fig. 2A) were found on the 3rd day after the deposition of eggs. First stage larvae ( Fig. 2B) , found on the 4th-6th day, had a rounded anterior end. Most of the larvae found on the 6th day had a narrow space between the anterior end and the outer cuticle, though the tooth at the anterior end was not distinct. On the 7th day, larvae developed to the second stage. They had an outer sheath and a ventral triangular process at the anterior end (Fig. 2C ), and the en sheathed larvae (Fig. 2D ) began to hatch on the 10th day.
Hatching began on the 10th day in all media; hatching rates were all below 1 % on that day. Cumulative hatching rates increased gradually ( Fig. 3 ), although no clear hatching peak was formed.
The rates differed among the media; they reached 14.3, 27.7, 32.3 and 20.0% in distilled water, physiological saline, diluted sea water and sea water, respectively, on the 22th day, i.e. 12 days after the beginning of hatch.
Survival of hatched larvae
Larvae showing movement during a 10 second observation peariod were regarded as alive.
Survival rates were markedly different between distilled water and sea water (Fig. 4) . The rate in distilled water decreased rapidly to 7.1 % during 
Infection of mysids
When contacted with eggs and hatched larvae, mysids became infected, and larvae developed to third stage (Table 2) . 1-7 second-stage larvae, already exsheathed, were recovered from the hae mocoel and appendages of 13 out of 15 mysids on the 5th day after the contact. 1-8 third-stage larvae were recovered from the haemocoel of 17 out of 19 mysids on the 30th day.
Mysids also became infected when contacted only with unhatched second-stage larvae incubated for 8 days (Table 2) . Many hatched larvae, dead and alive, were found in water after the contact. From 3 to 77 exsheathed second-stage larvae were recovered from the haemocoel and appendages of all 6 mysids on the 3th day after the contact.
Description of worms recovered from mysid and rainbow trout
The morphological characteristics of the worms were consistent with the descriptions of H. aduncum by various authors (PUNT, 1941; BERLAND, 1961; SOLEIM, 1974; FAGERHOLM, 1982; MORAVEC et al., 1985; MORAVEC and NAGASAWA, 1986; YOSHI NAGA et al., 1987) . The • identifications were made mainly on the basis of certain characteristics of each stage.
Second-stage larva from mysids (Figs. 5, 11A. 11B) The body was 0.220-0.393 mm in length and Table 3 ).
The cuticle was transversely striated with lateral ridges along both sides of body. Two subventral and two subdorsal bulges and a boring tooth were present at the anterior end. The tail bore a small caudal spike from which spines were absent. The excretory pore opened just posterior to the nerve ring. The digestive organs were well dif ferentiated, showing an intestinal caecum and ventricular appendix. The genital organs were rudimentary; the genital primordium was single in males and paired in females.
A boring tooth and caudal spike without spines were the distinguishing features of the third stage.
• Fourth-stage larva from rainbow trout (Figs. 9, 12A, 12B; Table 4 ) .
The cuticle was transversely striated with lateral ridges along both sides of body. The ridges in the anterior part were large enough to form so called lateral alae. Three oral lips and small interlabia between the lips were present. Each lip .had small flanges at the base and a deep central Adult from rainbow trout (Figs. 10, 12C, 12D ; Table 4 ).
The cuticle was transversely striated, with lateral ridges as in the fourth , stage. The oral lips and fully developed interlabia were present at the anterior end. Each lip had well developed flanges at the base and auricles with three deep incisions at the anterior margin. The tail showed a caudal spike with fine spines and was longer in females. The spicules and caudal papillae were present in males. The vagina in the female opened outside the cuticle, and the vulva was formed.
Adults had oral lips and caudal spikes with fine spines as in fourth-stage larvae. Spicules and head structures • (auricles and developed . flanges of oral lips and developed interlabia) seemed to be gradually formed; moulting to the adult did not seem significant in this respect. The distinguish ing features of adults from fourth-stage larvae were the presence of caudal papillae in tnales "and the vulva open outside in females.
Discussions

Life cycle in fresh water
Since H. aduncum is of marine origin, there seem to be two mechanisms by which the nematode is able to complete its life cycle in .fresh water. One is that the host specificity of the nematode is low enough to develop in freshwater invertebrates and fish. The other is that hatched or unhatched second-stage larvae are tolerant to fresh water and retain infectivity until taken up by intermediate hosts. Successful experimental transmissions of H. aduncum to rainbow trout and mysids dem onstrate the ability of the nematode to develop in freshwater hosts. Larvae in eggs developed to the second stage in wide-ranging salinities from distilled water to sea water, as already demonstrat ed by MARKOWSKI (1937) . Although the freshly hatched larvae died quickly in distilled water, unhatched second-stage larvae could infect mysids. The fact that the hatch occurred gradually .for at least 12 days means that infective larvae may remain alive in eggs in fresh water for a long time.
In addition, there is evidence that eggs hatched under the. stimulus of the contact with mysids; the eggs used (B in Table 2 ) had been incubated for eight days after the deposition, whilst the hatch began after ten-day-incubation in the hatching ex periment (Fig. 3) . It is likely that many larvae found in water after the 24-hour-contact with mysids resulted from the stimulated hatch. It is probable that mysids ate eggs as well as freshly hatched larvae, because N. intermedia is a detritus feeder (MURANO, 1963) . These make possible the transmission of the nematode to freshwater intermediate hosts.
Whilst this study demonstrated that H. aduncum can complete the life cycle in freshwater environ ments, distribution of the nematode in freshwater environments is limited to those areas where many eggs are brought in by anadromous fish (MORAVEC and NAGASAWA, 1986) . Further studies, especial ly of ecological aspects, are needed to make clear whether or not H. aduncum populations can be maintained in fresh waters in the absence of biol ogical contact with the sea. No fish seem to migrate from the sea into Chitose Hatchery where MO RAVEC and NAGASAWA (1986) reported the infec tion of rainbow trout and an amphipod with H. adumcum; an ecological study of Chitose Hatchery would be valuable, therefore.
Identification of stages
First, second and third-stage larvae are easily distinguishable one from ant other on the basis of head and tail morphology. Fourth-stage larvae and adults are very similar in these structures; both have three oral lips and a caudal spike with fine spines. According to FAGERHOLM (1982) , large flanges on the lips are lacking in fourth stage larvae but present in adults. However, we found the flanges to be present in the fourth stage, though not so distinct, suggesting .that the pres ence or absence of flanges is not a reasonable criterion for separating the two stages. Spicules were referred to by BERLAND (1961) and FAGER HOLM (1982) as another possible distinguishing feature, but the rudiments of them are present in • th e fourth stage. In this study, males with caudal papillae and females with vulva open outside were regarded as adults. These features, closely related to the cuticle and appearing after the final moult, appear currently to be most reliable.
